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(57) ABSTRACT 

A fuel cell system comprising a plurality of fuel cells, in 
particular in the form of low temperature fuel cells, Which 
are assembled into a stack, the system having a cathode side 
With a cathode inlet and a cathode outlet, With oxygen or an 
oxygen containing gas, such as for example air, being 
capable of being supplied to the cathode inlet and also 
having an anode side Which has an anode inlet and an anode 
outlet, With hydrogen or a hydrogen rich gas being capable 
of being supplied to the anode inlet and With a feedback loop 
being provided in order to return at least a part of the 
hydrogen containing exhaust gases Which arise at the anode 
outlet back to the anode inlet, characterized by a line Which 

(22) Filed; Man 18, 2002 leads from the anode side to the cathode side and is designed 
to supply anode exhaust gases to the cathode inlet Which, 

(30) Foreign Application Priority Data after reaction of the hydrogen component With oxygen at the 
cathode side to form Water, leave the fuel cell system With 

Mar. 28, 2001 (DE) ...................................... .. 101153368 the cathode exhaust gases via the cathode outlet. 
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FUEL CELL SYSTEM AND METHOD OF 
OPERATING A FUEL CELL SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to a fuel cell system 
comprising a plurality of fuel cells, in particular in the form 
of loW temperature fuel cells, Which are assembled into a 
stack, the system having a cathode side With a cathode inlet 
and a cathode outlet, With oxygen or an oxygen containing 
gas, such as for example air, being capable of being supplied 
to the cathode inlet and also having an anode side Which has 
an anode inlet and an anode outlet, With hydrogen or a 
hydrogen rich gas being capable of being supplied to the 
anode inlet and With a feedback loop being provided in order 
to return at least a part of the hydrogen containing exhaust 
gases Which arise at the anode outlet back to the anode inlet. 
Furthermore, the present invention relates to a method for 
the operation of such a fuel cell system. 

BACKGROUND OF THE INVENTION 

[0002] Fuel cell systems of the initially named kind are in 
principle knoWn, for example from the International Patent 
Application With the publication no. WO 99/05741. 

[0003] With the development of alternative drive concepts 
for automotive applications the electric drive in combination 
With a loW temperature fuel cell system and an electrochemi 
cal energy converter has attained particular importance. The 
choice of the fuel has an important in?uence on the com 
plexity of the fuel cell system. When using organic fuels 
such as methanol or gasoline the complexity of the system 
increases because of the required conversion of the fuel to 
form a hydrogen rich gas. The use of pure hydrogen results 
in a substantial simpli?cation of the system. The pure or 
contaminated hydrogen gas is then supplied to the fuel cell 
at the anode side in dependence on the load. At the cathode 
side oxygen or an oxygen containing gas, above all air, is 
supplied in accordance With the load. The desired value for 
the load results essentially from the behaviour of the total 
vehicle (accelerations, braking, etc.) desired by the driver 
and also from the poWer requirement of the electrical 
consumers Which participate in the fuel cell system. 

[0004] In a customary fuel cell system of the initially 
named kind air is supplied to the cathode side and consists, 
in addition to the desired oxygen component, of approxi 
mately 80% of nitrogen, Which counts here as an inert gas 
and Which forms the main component of the cathode exhaust 
gases (together With Water vapour and a residual oxygen 
component. HoWever, in the operation of the fuel cells, the 
nitrogen tends to diffuse through the membranes, Which are 
present there, and appears as an undesired gas component at 
the anode side. Water also diffuses to the anode side so that 
the gases present there not only consist of the desired 
hydrogen component but rather also of the undesired nitro 
gen component and of Water vapour. Accordingly it has 
previously been customary to dispose of at least a part of the 
anode exhaust gases at the anode side. Since these anode 
exhaust gases contain a residual component of hydrogen this 
must take place by a special catalytic combustion, since it 
Would not be permissible to discharge hydrogen directly into 
the environment. As hydrogen is a valuable fuel attempts 
have also already been made to return a part of the anode 
exhaust gases to the anode side. Nevertheless, as a result of 
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the nitrogen component of the anode exhaust gases Which 
arises in the course of time, the anode exhaust gases must be 
disposed of by catalytic combustion at the anode side and 
replaced With fresh hydrogen. 

[0005] In order to minimiZe the fuel consumption of a fuel 
cell vehicle the ef?ciency of a loW temperature fuel cell has 
an important role to play. The degree of ef?ciency of a loW 
temperature fuel cell depends, amongst other things, on the 
oxygen component of the supplied cathode gas and also on 
the proportion of oxygen in the supplied cathode gas and 
also in the proportion of hydrogen in the supplied anode gas, 
i.e. the system architecture Which supplies the loW tempera 
ture fuel cells With gas should be conceived so that the 
highest possible proportions of oxygen and hydrogen are 
present in the supplied gas ?oWs. In the operation of loW 
temperature fuel cells exhaust gases arise at the anode outlet 
Which as a rule contained hydrogen. This hydrogen should 
ideally not leave the vehicle or the fuel cell system in order 
to achieve the requirement for “Zero emissions”. Emission 
means in this context every element Which is not present in 
the air. 

SUMMARY OF THE INVENTION 

[0006] The object of the present invention is to de?ne a 
fuel cell system and also a method for the operation of the 
fuel cell system Which permits the proportion of hydrogen in 
the supplied anode gas to be set, so that an ideal fuel cell 
ef?ciency results, and also enables hydrogen emissions to be 
avoided. 

[0007] In order to satisfy this object a fuel cell system of 
the initially named kind is provided Which is characteriZed 
by a line Which leads from the anode side to the cathode side 
and Which is to design to supply anode exhaust gases to the 
cathode inlet Which, after reaction of the hydrogen compo 
nent With the oxygen present at the cathode side to form 
Water, leaves the fuel cell system With the cathode exhaust 
gases via the cathode outlet. 

[0008] Method-Wise the method of the invention is char 
acteriZed in that at least a part of the anode exhaust gases is 
supplied discontinuously, periodically or continuously to the 
cathode inlet and is discharged With the cathode exhaust 
gases from the fuel cell system, With the hydrogen compo 
nent contained in the anode exhaust gases being reacted With 
the oxygen fed to the cathode side to form Water, either at the 
catalyst present at the cathode side on the fuel cell system or 
in a device provided With catalyst material inserted upstream 
of the cathode inlet. 

[0009] The invention is based on the consideration that the 
previously practiced combustion of the anode exhaust gases 
and the apparatus required for this can be dispensed With 
When the anode exhaust gases are supplied to the cathode 
side of the fuel cell system and are disposed of With the 
cathode exhaust gases. Furthermore, the invention is based 
on the consideration that the hydrogen component of the 
anode exhaust gases at the cathode side of the fuel cell 
system can be reacted, by means of the catalyst material 
Which is in any case present there, With the oxygen or 
atmospheric oxygen supplied to the cathode side in order to 
form Water Which can be led out of the fuel cell system 
Without problem. After the catalytic conversion of the 
hydrogen to Water at the cathode side of the fuel cell system, 
the cathode exhaust gases consist, noW as previously, of 
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nitrogen, Water and a residual component of oxygen, Which 
are all natural components of the environmental air and thus 
do not represent noxious emissions. 

[0010] Particularly preferred variants of the fuel cell sys 
tem of the invention and also of the method of the invention 
for the operation of the fuel cell system can be found in the 
subordinate claims and also in the further description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The invention Will be described in the folloWing in 
more detail With reference to the accompanying draWings 
Which shoW: 

[0012] FIG. 1 is a schematic draWing to explain the 
customary fuel cell system Which is to be improved by the 
invention; 
[0013] FIG. 2 is a schematic representation of a ?rst 
variant of the present invention; 

[0014] FIG. 3 is a schematic representation of a further 
variant of the fuel cell system of the invention; 

[0015] FIG. 4 is a schematic representation of a yet further 
variant of the fuel cell system of the invention; 

[0016] FIG. 5 is a further schematic illustration of a 
variant of a fuel cell system in accordance With the inven 
tion; and 

[0017] FIG. 6 is a further schematic representation of an 
alternative embodiment of the fuel cell system of the inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0018] Referring to FIG. 1 the fuel cell system or the fuel 
cell system architecture shoWn there consists of a plurality 
of loW temperature fuel cells Which are assembled into a 
so-called stack 11 and Which each have an anode and a 
cathode Which are separated from one another by a mem 
brane permeable for protons. Air is supplied to the cathode 
side 12 of the fuel cells as a deliverer of oxygen, With 
so-called cathode exhaust gases 14 leaving the vehicle 
directly. In this connection the exhaust gas only consists of 
elements Which are to be found in the air. In principle the 
anode side 16 of the fuel cell system forms a closed 
container 17, Which consists of the anode volume itself and 
of a pipe volume. This container has a gas in-feed in the 
form of the hydrogen supply 18 and an exhaust gas pipe 20 
Which can be opened With a valve 22. During the operation 
of the fuel cell the anode exhaust gas is returned by the 
anode pump 24 to the anode inlet and is mixed With fresh 
hydrogen from the hydrogen line 18. 

[0019] Accordingly an anode circuit 28 is formed. This 
circuit can contain a Water collecting device 26, Which 
collects the Water vapour component of the exhaust gases 
circulating the anode circuit 28 in the form of Water. This 
Water can optionally be supplied to a humidifying device for 
the supplied gases, since loW temperature fuel cells funda 
mentally needs a certain proportion of Water vapour in order 
to keep the membranes moist. 

[0020] A further Water collecting device 30 is located at 
the cathode side of the fuel cell system in order to also 
collect Water here for humidi?cation purposes. 
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[0021] The problem of this architecture and of the fuel cell 
in general is that nitrogen diffuses via the fuel cell mem 
branes (not shoWn) from the cathode side 12 to the anode 
side 13 of the fuel cells and thus accumulates in the anode 
container 17 or in the anode circuit. This takes place until a 
nitrogen partial pressure balance is reached. The accumula 
tion of nitrogen at the anode side 13 leads to the efficiency 
of the fuel cell sinking as the nitrogen component increases 
and the hydrogen component correspondingly decreases. 
This has a negative in?uence on the hydrogen consumption 
and thus on the range of the vehicle. In order to prevent the 
accumulation of nitrogen and to be able to select an ideal 
concentration of hydrogen, the anode gas mixture is dis 
charged via the valve 22 and thus Weakened With respect to 
the proportion of nitrogen. This hydrogen containing anode 
exhaust gas mixture is supplied, optionally after extraction 
of hydrogen components, by means of the device 32 to a 
catalytic burner 34, is mixed there With air from a fan 36 and 
combusted catalytically, i.e. the hydrogen component reacts 
in the burner 34 With atmospheric oxygen to form Water 
While releasing heat. The hydrogen-free exhaust gas 38 is 
then discharged in emission-free form into the environment. 

[0022] The disadvantage of this system architecture lies in 
the fact that all the components in the box 39 (burner, fan, 
Water separator and also the other (not shoWn) sensors etc.) 
cause additional cost and Weight and take up space. 

[0023] In contrast to the previous solution, in a ?rst variant 
of the solution of the invention in accordance With FIG. 2, 
the complicated hydrogen combustion by means of an 
additional burner With all the additional components is 
avoided. 

[0024] The reference numerals used in FIG. 2 correspond 
to those of FIG. 1, that is to say, the same reference 
numerals are used for parts Which have the same design or 
have the same function and such designs and functions Will 
only be specially described When this appears sensible and 
necessary in order to point out special features. This manner 
of proceeding Will also be used for the subsequent Figures. 

[0025] In the above solution the anode exhaust gas (con 
sisting of H2, N2 and H20) is led directly after the anode 
exhaust gas pump 24 via a line 40 to the cathode inlet 42 of 
the fuel cell. There it is mixed With air Which is delivered via 
the line 44 from a non-illustrated compressor. The air/anode 
exhaust gas mixture Which arises there and Which contains 
hydrogen then enters into the cathodes of the fuel cells 
Where it reacts at the fuel cell catalyst. In this reaction 
hydrogen is reacted With oxygen to form Water While 
liberating heat, as in the catalytic burner. The total exhaust 
gas Which then leaves the cathode side 12 of the fuel cells 
at the cathode outlet 46 is consequently free of emissions. In 
order to ensure a gas flow from the anode side to the cathode 
side, the anode pressure at the point 48 (point of highest 
pressure related to the anode exhaust gas) is increased 
relative to the cathode pressure at the cathode inlet 42 in that 
more hydrogen ?oWs into the anode circuit than is required 
for the actual fuel cell load. A non-return valve 50 can be 
used to prevent pure hydrogen passing from the hydrogen 
supply into the line 40, i.e. the freshly supplied hydrogen 
displaces the anode exhaust gas mixture from the anode 
circuit into the line 40. The quantity of anode exhaust gas is 
so metered With the valve 52 in accordance With the quantity 
of air supplied at 44 that the air/anode exhaust gas mixture 
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is not able to ignite. The on/off valve 54 serves for the 
security switch off of the gas ?oW if the valve 52 malfunc 
tions. Thus this system architecture enables both optimiZa 
tion of the ef?ciency of the fuel cells by weakening of the 
nitrogen component as Well as guaranteeing freedom from 
emissions. 

[0026] Since local overheating can arise at the individual 
cells adjacent to the cathode inlet 42 of the fuel cell stack, 
Which could damage the membranes, further system archi 
tectures are proposed in accordance With the invention 
Which reduce this effect or indeed avoid it. 

[0027] These system architectures relate to the same sys 
tem layout as above With the distinction that the mixing 
point 56 of the anode exhaust gases With the air supply to the 
cathode side 12 is shifted upstream and additional catalyst 
surface, Which has no direct contact With the fuel cell 
membranes, is provided betWeen the mixing point 56 and the 
cathode inlet 42. A reduction in the amount of hydrogen 
present then takes place at this catalyst surface prior to 
reaching the fuel cell membranes. In this Way the generation 
of heat at the fuel cell membranes is reduced or indeed 
avoided. The provision of this catalyst surface can take place 
in the most diverse manners. In the folloWing some possible 
embodiments are shoWn. Solutions With loW pressure drops 
in the cathode supply are to be preferred for reasons of 
system ef?ciency. 

[0028] In accordance With FIG. 3 the cathode feed-line is 
itself coated on the inner side at the upstream side of the 
cathode inlet 42 With a catalyst, Which is schematically 
illustrated by the reference numeral 60. The cathode feed 
line can be a simple tube Which is coated at the inner side 
With a catalyst material or can contain in-built structures 
coated With catalyst. This coating With catalyst material can 
also be provided in the region of the cathode inlet or outlet 
42. OtherWise the embodiment of FIG. 3 is the same as that 
of FIG. 2, as is readily shoWn by the reference numerals that 
are used. 

[0029] In the embodiment of FIG. 4 the mixing point 56 
is placed in front of the heat exchanger Which is normally 
provided for the cooling or heating up of the air supplied via 
the line 44 and the air passages of the heat exchanger 
through Which the air delivered via the line 44 ?oWs are 
coated With catalyst material. The reference numerals used 
here also shoW that the design is in principle basically the 
same as that in FIG. 2. 

[0030] This also applies to FIG. 5 Where a housing 61 is 
inserted into the feed-line 44 betWeen the mixing point 56 
and the cathode inlet 42. This housing 61 is ?lled With a 
catalyst carrier coated With catalyst material. This catalyst 
carrier can for example be a porous monolith, for example 
of ceramic material, or a netWork of metal, for example a 
fabric manufactured from small metal bands or a random 
structure of small metal bands, similar to a pot scrubber. 

[0031] A further possibility of improving the previous 
solution With regard to cost, Weight and volume is shoWn in 
FIG. 6. In this solution the anode exhaust gas is bloWn out 
via tWo exhaust gas lines, namely the previous line 40 and 
the further line 64 Which leads to an exhaust gas mixing 
device 66 Which is inserted into the cathode exhaust gas line 
68 doWnstream of the cathode outlet 46 and of the Water 
collection device 30. In this Way the quantity of hydrogen in 
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the anode exhaust gas Which is supplied into the cathode 
inlet is reduced. The heat of reaction at the membrane is thus 
likeWise reduced. The anode exhaust gas Which ?oWs from 
the point 70 of the exhaust gas mixing device 66 via the line 
64 is so mixed With the cathode exhaust gas in the exhaust 
gas mixing device 66 that the hydrogen component in the 
total exhaust gas lies clearly beloW the ignition limit. The 
disadvantage of the solution lies in the fact that small 
quantities of hydrogen leave the vehicle and enter into the 
environment. 

[0032] In all the previously described embodiments the 
anode exhaust gas is normally led continuously or discon 
tinuously to the cathode side of the fuel cell system and 
indeed this is alWays done When the concentration of nitro 
gen and/or Water vapour at the anode side threatens to 
exceed a ?xed threshold or a threshold Which can be variably 
preset. There is, hoWever, basically also the possibility of 
continuously supplying a ?xed or variable proportion of the 
gases circulating in the anode circuit 28 continuously to the 
cathode side 12 of the fuel cell system 10. In order to realiZe 
this variant a branching valve (not shoWn) must then be 
provided Which determines the envisaged quantity of the 
branched-off exhaust gases. 

[0033] Although, in the previous Figures, the line 40 has 
been branched off from the anode circuit 28 after the pump 
24, as seen in the How direction, the branching off could also 
take place in front of the pump 24. In this Way, the 
non-return valve 50 shoWn in FIG. 2 could be dispensed 
With, since the pump 24 itself takes care of the required 
separation from the hydrogen supply 18. The possibility also 
exists of driving the pump 24 by the hydrogen supply as is 
for example described in the German patent application 100 
62 673.4 of the present assignee. 

[0034] In comparison to the previous solution, clear cost, 
Weight and volume advantages result. Finally, it is noted that 
the fuel cell system of the invention can be used both With 
pure hydrogen and also With a hydrogen-rich synthesised 
gas, Which is for example obtained by reformation. 

1. A fuel cell system comprising a plurality of fuel cells, 
in particular in the form of loW temperature fuel cells, Which 
are assembled into a stack and are adapted to permit oxygen 
or an oxygen containing gas to react With hydrogen or a 
hydrogen containing gas to generate electricity and produce 
?rst exhaust gases containing residual oxygen and second 
exhaust gases containing residual hydrogen, said system 
comprising: 

a cathode side With a cathode inlet for receiving said 
oxygen or oxygen containing gas and a cathode outlet 
for said ?rst exhaust gases; 

an anode side With an anode inlet for receiving said 
hydrogen or hydrogen containing gas, an anode outlet 
for said second exhaust gases; 

a feedback loop for returning at least a part of the second 
exhaust gases arriving at the anode outlet back to the 
anode inlet; and 

a line Which leads from the anode side to the cathode side 
and is designed to supply second exhaust gases to the 
cathode inlet Which, after reaction of said residual 
hydrogen With oxygen at said cathode side to form 
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Water, leave the fuel cell system With said ?rst exhaust 
gases via said cathode outlet. 

2. A fuel cell system in accordance With claim 1, said 
system further having a switching valve Which can be 
sWitched on and off and Which is provided in said line. 

3. A fuel cell system in accordance With claim 1, said 
system further having a control valve Which controls or 
regulates the quantity of second exhaust gases ?oWing 
through said line. 

4. A fuel cell system in accordance With claim 3, charac 
teriZed in that said control valve is provided in said line at 
the doWnstream side of the sWitching valve. 

5. A fuel cell system in accordance With claim 1, said 
anode side of said fuel cell system belonging to an anode 
circuit including said feedback loop, said system further 
having a branch point in said anode circuit at Which said line 
branches off from said anode circuit, a hydrogen supply 
point for supplying said hydrogen or hydrogen containing 
gas to said anode circuit, said hydrogen supply point being 
provided in said anode circuit doWnstream of said branch 
point, and a non-return valve provided betWeen said hydro 
gen supply point and said branch point. 

6. A fuel cell system in accordance With claim 5, said 
system further having an exhaust gas pump provided in the 
anode circuit. 

7. A fuel cell system in accordance With claim 6, said 
branch point for said line being provided in said anode 
circuit doWnstream of said exhaust gas pump. 

8. A fuel cell system in accordance With claim 6, said 
branch point for said line being provided in said anode 
circuit upstream of said exhaust gas pump. 

9. A fuel cell system in accordance With claim 6, said 
anode exhaust gas pump being adapted to be driven by the 
hydrogen or hydrogen containing gas supplied to said anode 
circuit. 

10. A fuel cell system in accordance With claim 1, there 
being a fuel cell catalyst at said cathode side for the reaction 
of said residual hydrogen of said second exhaust gases With 
oxygen at the cathode side to form Water. 

11. A fuel cell system in accordance With claim 1, said 
cathode side including a cathode supply line for supplying 
said oxygen or oxygen containing gas to said cathode inlet, 
a catalyst being provided as a coating Within said cathode 
supply line, said line being designed to lead said second 
exhaust gases to said cathode supply line upstream of said 
fuel cell catalyst. 

12. A fuel cell system in accordance With claim 1, said 
cathode side including a heat exchanger With a catalyst 
coating arranged before said cathode inlet and said line 
being designed to lead said second exhaust gases to said 
cathode side upstream of said heat exchanger. 

13. A fuel cell system in accordance With claim 1, said 
cathode side including a housing disposed upstream of said 
cathode inlet, a How permeable body accommodated in said 
housing and coated With a catalyst, said line being designed 
to supply the anode exhaust gases directly or indirectly into 
said housing and thus to said cathode side. 

14. A fuel cell system in accordance With claim 13, said 
How permeable body comprising a material netWork. 
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15. A fuel cell system in accordance With claim 13, said 
How permeable body comprising a porous monolith. 

16. A fuel cell system in accordance With claim 1, said 
system further having an exhaust gas mixing device located 
doWnstream of said cathode outlet, a second line Which leads 
from said anode side to said exhaust gas mixing device, said 
exhaust gas mixing device being designed to mix second 
exhaust gases branched off via said second line With said 
?rst exhaust gases received from said cathode outlet. 

17. A fuel cell system in accordance With claim 16, said 
system further having a valve incorporated into said second 
line. 

18. A method of operating a fuel cell system comprising 
a plurality of fuel cells, in particular in the form of loW 
temperature fuel cells, assembled into a stack and are 
adapted to permit oxygen or an oxygen containing gas to 
react With hydrogen or a hydrogen containing gas to gen 
erate electricity and produce ?rst exhaust gases containing 
residual oxygen and second exhaust gases containing 
residual hydrogen, said system comprising: 

a cathode side With a cathode inlet for receiving said 
oxygen or oxygen containing gas and a cathode outlet 
for said ?rst exhaust gases; 

an anode side With an anode inlet for receiving said 
hydrogen or hydrogen containing gas, an anode outlet 
for said second exhaust gases; and 

a feedback loop for returning at least a part of the second 
exhaust gases arriving at the anode outlet back to the 
anode inlet, said method comprising the step of sup 
plying at least a part of said second exhaust gases 
continuously or discontinuously to said cathode inlet 
and discharging them With said ?rst exhaust gases from 
said fuel cell system, With said residual hydrogen 
contained in said second exhaust gases being reacted 
With said oxygen or oxygen containing gas at said 
cathode side to form Water at the catalyst present at said 
cathode side. 

19. A method in accordance With claim 18, including the 
step of controlling the quantity of second exhaust gases 
supplied to the cathode side by means of a valve, so that on 
mixing of the second exhaust gases With oxygen or an 
oxygen containing gas supplied to said cathode side to form 
a mixture having an ignition limit, the residual hydrogen 
contained in said mixture lies beneath said ignition limit. 

20. A method in accordance With claim 18, including the 
step of supplying additional hydrogen to said anode side 
When supplying second exhaust gases to said cathode side in 
order to ?ush the fuel cells at said anode side With hydrogen 
and to ensure a higher hydrogen concentration at said anode 
side. 

21. A method in accordance With claim 18, including the 
further step of mixing at least a part of said second exhaust 
gases With said ?rst exhaust gases doWnstream of said 
cathode outlet. 


